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METHODS AND APMKAtWS tfOM TRANSPERIC AM) lAh 

left mmL^ mmmvMm mmwm 

5 I. Fi eld flftfoft jfty gptt pn 

The present mventittu rentes pnerally 60 medical methods and apparatus: 
More particularly, ihe-presetst bryeatfon relates to a method and devise foribe aMmaliy 
invasive- closure of a left atrial appmdageof the head, 

Atrial Sbrillatioa k;^mm&m cardiac rhytltm disorder .affecting a 

10 population of approximately 2.5 ...iniiiiou patients, "m the United States alone. Atrial 
fltn#ktion results from a number of different causes and is ttoacted.2ed.toy a rapid 
chaotic-heart beat hi additiontb the risks associated with a disordered heart beat 
patients with atrial fibrillation also have an increased risk ofsfcrdku. it has been estimated 
that approximately 75,000 atrial fibrillation patfods each year s«0"er a stroke rejatsi fe 

15 .that t:<>33ditiCKQ. it appears feat strokes hi these patients result from emboli many of which 
may originate ftom the left atrial appendage. The irregular heart heat caaseg:M£jddtS: 
pool in the left atrial appendage, allowing clots to accumulate over time, ffccm time to 
tithe, clot may dislodge front the left atria? appendage and may toor ftc cmuia? 
etreaiaiibti causing a stroke, the coronary: eireuladon causing a myocardial wferctioh, the 

20 peripheral circulation causing limb ischemia, as weil 25 other vascular beds. 

Significant efforts have been --made to reduce the risk of stroke in paiita% 
sofTerifig from atrial fibrillation. Most- commonly, those patients .are treated v?t£h blood 
thinning agents, stock as Coumadin, to -reduce- the risk of clot formation. While such 
treatment cm significantly reduce the risk of stroke, il also incareasas the risk of bleed ins 

25 and for that reason is m&ppropri ate for many atrial IbriiMon pah* P . 

As m alternative to-^ug-^^.OTrgic^Vpwceduics-^Hf dosing the fc-fl 
atrial appendage have been proposed. Most eohimoniy,, the loft atrial appendage has been 
closed or r eaioved m open surgieai pxoeedare% typically where the heart has stopped and 
the chest, opened through the sternum, Because of the significant risk and trauma of traen 

3@ procedures., left atrial appendagererno^id occurs abnest exclusively when the patient's 
cheat is opened for other procedures, such as coronary artery, bypass or valve surgery. 



For that reason, aitetrMive procedures which do not reunite opening of the 
patient's chest, a large median sternotomy, have been proposed. U.S. Patent 
No. 5,306,234 to Johnson describe $ .tboracdscopic procedure where access to the 
pericardial space over the heart is achieved using a pair of intercostal penetrations (I.e.. 
pemmiom between the patient's ribs) to eatabKsh both visual and surgical access. While 
sucfe procedure may be performed while the lieart remains beating, they still require 
deflation of the patient'* lung and that the patient be placed under full anesthesia. 
Furthermore, placement of a chest tubeis typically required to rcinflate the lung, often 
requiring a hospitalization &r a eo^pfe df days. 

CIS. Patent No. $,#65,791, to VYktyne et ai« describes * hansvascufar 
approach for closing the left atrial appendage. Access is gained via the venous system, 
typically tough a Smewl vein, a right internal jugular vein, ov a subdavisn vein, where: 
a catheter is advanced in an antegrade direction to me nghtabiurn. The inha-ntrial 
seplura is then penetrated, and the catheter passed into the left atrium. The catheter is 
then positioned in the vicinity of the left atrial append age which is then fiiscsd ciosedj 
e.g., using radtofireqaeney energy, other eicclric«J energy, thermal ener^, : 
adhe^yes, %f the like. Whayne et ai hmher describes a thoTaeoscopic procedure iyhsre 
the pericardium is penetrated through the rib cage and a iasso plac ed to tie off ihe neck of 
the left atrial appendage. Other fixation means described include sutures, staples, shape 
memory vnm, biocompatible adbtota* , tisssuts ablation, and tliehke. The transyascniar 
approach suggested by Whayne et ah is advantageous m that it avoids the need to 
penetrate the patient's chest bid suffers from the need to penetrate the iutra-atrtal septum, 
may not provide definitive closure, requires entry into the left atrial appendage which 
may dislodge clot and requires injury to the endocardial surface which, may promote 
thrombus formation. A thoracoscopie approach which is also suggested by Whayne ct al. 
suffers .from the same problems as the dsoracoscopic approach suggested by Jobnsoa, 

For tdl these reasons, it would be desirable to provide improved and 
alternative methods and procedures for performing nrmurn ally invasive closure of the left 
atrial appendage. Such methods and procedures will preferably be capable of being 
performed on patients who have received only a local anesthetic and whose hearts have 
not been stopped. It would bv further desirable to provide methods and procedures which 
approach the left atrial appendage without the need to perform a thoracotomy (penetration 
through the mtracosral space) or the need to perform a irsuaseptal penetration and/or 
perform lite piocedure within, the left atrium or left ants) appendage Mure specifically, h 
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would m preferable to provide methods and procedures which permitted access to the 
pcricardsa! space Sam the xiphoid region of aparienfs chest In addition to the improved 
and dtenaative methods and procedures, it wouMbe desirable to provide specialised 
instruments, devices, and systems for accessing a region over n patient's Jell atrial 
appendage from a sub-xiphoid access point to permit closure of the fofi atrial appendage. 

At least some of these objectives will fee met by the inventions described 

herein below. 

U.S. Patent Nos. 3,304234 and 5,§6S3! have been described above, 
U.S. Patent No. 3,496,932 and PCT publication WO 9&D5289 describe methods and 
apparatus which employ a sub-xiphoid approach for direct cardiac massage. 

SUMMARY OF THK INVENTION 
: The present iilveidiOn pro\ddes alternative and improved methods and 
apparatus for dosing a left atrial appendage of a patient, particularly 
occlusive stroke resulting from emboli released front the led atrial appetidage. The most 
likely patient population fortM proeediires wili be pacimts Bering froai atrial 
itbriflatioti 'which earj result in clot and ihr ombus generation in the left atrial appendage;; 
as described above. The methods and s^pmfcn; of the present invention permit 
procedure'* to be performed on a conscious sedated patient, often in an ambulatory 
surgical setting where the patient rosy, be released shortly after the procedure is. 
completed, in particular, $ia methods and ^pitmtns of the passant tnventioa eliminates 
the need for a large bcisiou and division of the sternum, i.e., median : sternotomy. The 
present invention further eliminates the need to take down (deflate) a 'lung u> access a left 
atrial appendage, M is nsuajl% via 
iuiracosM access. 

The msihods of the present invention will be performed l«: a minimaily 
invasive uianneiy i.e., where ac«es5' : |©:^e;j!p|^dEal' space overlying the patient's left 
atrial appendage is ac^^J|5^,^uj^-;pe^tox«K peBetration^ttough the patient's 
skin. Rather than passing thMigh the rib mg^m with prior moracoscopk- techniques, 
the present invention relies on a.: n £^^l»»d tt '^cs»ch where the .peretttaneoua 
penetration is first made beneath the rib cage, preierahly .between: the xiphoid and 
adjacent costal cartilage, <m& an atrial appendage closure tool -advanced thmttgli the 
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penetration, over the epicardial surfece^iii the pMcai^iaJ ^pace) to read* a location 
adjacent to the exterior of the left atrial appendage. The closure too] esq then be tfSed lo 
close flie left atrial appendage wjmm&tot tarnation of clot and the release of emboli 
firm the atrfem. 

5 Closure can be u£Cocted m a variety of ways, 1* is presently preferred to 

position a loop of material, such as suture^ whs,, «iesl% tape, or the tilce, over the 
appendage and cinch the loop tighter to close the itMm of (he a^endage. A variety of 
alternative closure Kschsiqaas wouidalso had use, including srtJMrfeg (using remotely 
actuated sunning in*trammts) f stapling, dlppmgvfasiHg, gluing* clampings Bvetuig, m 

10 meEke. Smh closure will generally be intended to he permanent, i.e.., it wdl remain 
indefinitely ailcr the closure tool is removed, but hi some instances cauki be reversible, 
ifc, the left atrial appendage could he reopened on a.$ahsopmt procedwe,. 

Thus, a method according to the present invention fear closing a left atrial 
appendage of a patient's heart comprises positioning a closure instrument thmdgha 

IS pdrdukmeous passage; beneath the rib cage, over an epicaxdiai surface., and adjacent to the 
lefi ahial appendage. The leilatrial appendage is then closed, usually using orie of flie 
iieebniques- described above, The positioning step may comprise making an incision; 
usitaily fceltveea * costal cartilage and a xiphoid of the patient, establishing a tract beneath 
the rib cage. Aitematsvely the incision may be made superficial to the xiphoid Or sternum 

M : after which a tract is made through the rib cage to the pericardial space, and will 

preferably include placing an access sheath through die incision into the pericardial space. 
The incision may be made- using a scalpel or other convenikma! surgical tool, but could 
also be taade using a trocar and cannula assembly, such as those used ia laparoscopic 
surgery* where the trocar ceukl then be removed leaving die cannula in .place as the 

25 sheath of die present invention. Use of a trocar and cannula may be less preferred, 
however, since there is an increased risk of hrjuxing the heart if the trocar .and cannula 
a;?scoiMy is introduced mahSM Bahioh; 

A closure inshTiment -is men inrxoduced through the sheath into The 
pericardial space, and over ancpieMdM sarfaoe Jo the exterior of the left atrial 

30 appendage, as described above, .Preterahlyj adistal &m& of tht; tool mil be introduced into 
an atrioventricular groove , wMeh lies hist beneath me atrial appendage. 

Preferably, once the closure tool has betas introduced, advancement and 
positionhsg can- be performed under conventional imaging .teohrHuues, such as. 
fluoroscopic imaging. Often, the closure tool will inssktde or be Compatible with .imaging. 

4 



scopes. wMchmay -tse- n^sdUi&eS : tb!ms^: : ^h^'-tt>a!^ The use of imaging scopes will be 
particularly u^M -during the clos^:pr<^d^-w&em the left atrial ■appendage Is 
manipulated as described m more detail below, hi such instances, it will frequently "be 
desirable to mtmduee a salme or o&er elcat ttttldifttG the perieaf dial space to facilitate 
5 viewing. 

Once the closure tool is propMy positioned, closure may be effected by 
any of the teckiiKjues described aksve s iaciuding looping, suturing, .stapling, clipping, 
fc«fflgi elarnping, riveting, or the like, f refetsfeiy, the closure will he directed at the base 
region of the left atrial appendage. Optionally., closing the appendage may iuither 

10 comprise grasp.bg the exterior of the Idl atrial appendage prior to the .actual dosing step. 
Graeprng will typically be performed with tlie convetiUooal grasping tool. Aadcseribed 
below, a preferred closure tedmique h to i ml grasp the exterior of the M .atrial 
appendage "wiih a. gracing tool and subsequently advance a closure loop over the tool on 
■WiM exterior of the appendage, A closure loop may then he cinched or otherwise closed 

15 : or alio wed to 'close, and the tools removed. 

A -variety of specific .-Instruments', devices, and systems maybe devisedifor 
performing tines methods of the present iuveutioiv. An exemplary device for olosipg a : left 
;■ SfEal isppcfldage according to the methods of the present invention iadeseribed in detail 
in the -descriptions that follow. The device comprises a shaft having a proximal end and a 

20 distal end, where the distal end is adapted to percutaneous!}' enter the pericardia! space, 
be advanced over m epieardial surface, and then approach the exterior of the left atrial 
appendage. Preferably, the shaft has & length in the range from 10 em to 40 cm, a width 
in the range from 2 ram to 2Q mm, and a thickness in the range from 1 mm to 10 mm, 
U.suahy, the shaft will be curved over its length to be compatible with the curvature of the 

25 heart. The shaft may include a means to alter the curvature to accommodate variations in 
anatomy. Similarly, the device may preferably include a crescent-shaped cross - section !o 
also conform to the shape of the exterior of the heart The device will catty a mechanism 
or means for closing the left atrial appendage when the distal end o f the shaft Is. 
positioned adjacent to the appendage. Usually, the etosint* mechanism will be 

30 introducablc through one or mc«e lumens formed in the shaft. In a particularly preferred 
configuration, the distal end of the shaft will be configured to lie within the 
atrioventricular groove of the heart, and at least one Itancn through the shaft wtfl have an 
exit port spaced inwardly from the distal cod of the shaft by a distance in the range from 
0«S cm tv 5 cm. In this way, the port will be positioned properly to access the fires cud oi 
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iWtfml appe»d%e la-addition, the s|at may 

.bave one or more additional lumens (for a total of two, three, or more lumens through the 
shaft) in order to provide adgiltojjal e^abl&eSj including introduction Mid use of a 
viewing scope, miMen and. : p«d^fe»-o&«% : ij|^ail«dy11ie Minion of saline to 
5 facilitate viewing. Optionally* the lumens can be used to mteoducc ah anesthetic agent, 
such as lidoeaiue, hioMer to reducepain^ 
reduce, myocardi at umtability , 

Thspxmti iavm^^\Vp^im : ^^m kits Eluding- ^cl^swe 
devices just described. The Mis mil further include Hjsrnjctions i«r ^according to die 
W methods described" above, and optionally farther include packagi»g for holding all 
components of the kit together. Additionally, theidte aiiay include the access shcaih : 
which, is placed through the percutaneous penetration tracks as the pericardial space, $ho 
access sheath m&y he in the form .of a trocar and cannula assembly, although this will 
usually not be preferred. 

35 

BMEF DESCRIPTION Of THE MU^MC® 
Fig, 1 is an a-heart Ulumatinglhe position of theiett ■■atriai i 

;ai^«h?isge ielati ve to the; r^mamiag sjriictaios of the heart. 

Fig. 2 shows the position of the heart hi an a^ociaM. chest cavity and 
2p illustrates a preferred percutaneous access site for performing the methods of the preMiF; 
invention. 

Fig. 3 is a perspective view of an exemplary closure tool useful for 
performing the roaihods of the present invention 

Figs, 4-A-4C are orthogonal views of the closure device of Fig, 3 . 
25 Fig, 5 illustrates an access sheath placed percutaneous!}' into a pvrirardhd 

space iwing a sab-xiphoid approach beneath the rib cage as is pretaoed in the methods of 
the present invention, 

Figs. 6A.-6Cii!hiaLrate use of the exemplary tool of Fig 3 in perfonrring the 
closure or a left atrial appendage according, to die mctbods of (he present iaventtan. 
30 Figs. 6K-6N illustrate an alternative protocol for use of the exemplary tool 

of Ftg. 3 in performing the closure of a left atrial appendage according to the rneUfods of 
the present invention 

Figs, 6G aM €P illustrate altenjiaErse clip placement patterns for closing 
the telt atrial appendage aocordmg to the methods of the present utventiohi 

6 



itcrwsMnytv? 



Fig. 7A-7C iUi&tri^m-^ei^l^t^i: wMch; may be used mperfomnitg 
the closure methods Qf&epir^enf Mvijetiottv 

Fig. 8 illustrates a clip insertion tool useful for placing the? clip of Figs. 7A- 
?C according to the methodsof &preserti ihvenlbn. 
5 Figs. 9A-9C ^oss-sedtiaBiil vie^ of .the insertioa tool of Fig, 8 ttsed in 

placing the clip of Fig, 7A-7C over a left atrial: appendage secorMag- to the methods of the 
present invention. 

Fig, I ^ Hfe^tr^w-jsJ^pl^'kil m^lu^ng a closure device and optional 
components according to the present inyciiiioii-, 

10 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
Fig, 1 is an anterior view of a heart illustiating-the right ventricle RV, ihe 
left venlrick L-V, and the left atrial appendage LAA, The methods and apparatus of the 
pp&iM im'eittiofi sro iatesded To pM<;;.a:^^»o structure over or otherwise close off ihe 
15 Base region BR of die teft atrial appendage. By closing off fha hftse iegioi> BR^jffie 

exchange of. materials* between thefcft atrial appendage LAA. and the left atiiamTiA will 
■ $$sto$pp$&. Thus, tfce release of emboli from the 1 eft atrial appendage it jto &W -0bM. 
will be stopped. 

;&eferriag now to Figy 2 S the heart is located withm th&.portodxftl spaeo M 
30 .local ed beneath me patients ri!> sago EC The sternum S is located m the center of the rib 
dago RC and terminates si its lower ersdln the xiphoid X- On either side of fee Xiphhid 
are the costal -cartilage CC» and the pereijtaneous access points .for perfomringtbe 
procedures of the present invention wUJ be located beneath the rib cage RC, m& 
preferably between, the xiphoid X and an adjacesil costal cartilage €C> preferably at the 
25 access location AL shovwi by a broken line. 

An exemplary tool 10 lot performing the methods of die present invention 
is illustrated in Figs. 3, 3 A, and 4A-4C. The tool comprises a ihatt 1 1 having a distal 
end 1 4 and a proximal end 16. -A handle IS is preferably attached to the proximal end of 
the shaft, and the shaft will have a curved profile in its axial direction (as best seen in 
30 Fig. 4B) and a crescent-shaped cross-section, as best seen hi Fig. AC The preferred 
dimensions of the shaft are set forth above. 

In the illustrated embodiment, the Shaft has three lumens 20. 22, and 24 A 
first lumen 20 is used for introducing a closure fool (which may be any of the closure 
took described above), while die second and third htmens (22 and 24, respectively) are 

1 
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used for inhgducing a viewing scope isnd fluids, such as saline or other clesu fluids for 
improving visualisation of the region surrounding the left atria? appendage. In aiternati ve 
embodiments, die first lumen 20 can still be used fox a grasper, while ejtthet of the second 
torn 22 and/or third lumen 24 may be used for introducing alternative closure devices, 
5 such as clip appUcrs, riveting devices, fusing devices, suturing devices, stapling devices, 
or the like, hi a particular embodiment shown below, either or both of the lumens 22 ami 
24 may be used to advance a clip over die left atrial appendage as die appendage is being 
grasped by a grasper, such m the one shown in Fig. 3, 

While the closure tool nmy !^c|^ of a widt; variety of designs, the 

10 presently preferred tool is shown jn-Bg, :M, the tool comprises a grasper 30 '.and a 

capture loop 32, Capture loop 32 is attached to a manipulation wire 34 which pemits : the 
loop 32 to be advanced over the forward end of the grasper to encircle and close the toft 
atrial appeadage, as mil be describedin more detail below. The grsspihg tool 32 may be 
manipulated using a. thumb guide 40, while the. capture- loop 32 may he manipulated using 

IS : a second thumb guide 42> both of which are located oh she handle 1$, 

The lumens 20, 22, and 24 f temnnatein exit port!? 50, 52, stisd 54, b«sf seen 
jaTig.4Ay. The esxit ports are located projdm&lly of the distal end 14of the sWfi I2L The 
shaft is generally thinned in the region between the exit ports and the distal tl©, 
facilitating the introduction of the distal tip into the atrioveidriculai grodvCihs descnbsd 

20 in mere detail bc-krw. The exit ports- are .located a sufficient ch'stan ce behind the distal tip 
of tile shaft so that they -will he generally located adjacent to the free end of the left atrial 
appendage when the tip is located in the atrioventricular groove. 

The methods of the present invention may be performed in an amhuktoiy 
surgical setting. Typically, a sedated patient is taken to a facility having fluoroscopic 

25 imaging capabilities. The area overlying the xiphoid and adjacent .costs! cartilage, m 
prepared and draped using standard leebmqftes. A local anesthetic is then administered 
and a skin incision, usually about 2 cm in length made, at the area shown in Fig, X The 
p^j^'e6us.peneto^tion p«^ ; .fte*»Ei^:tife!.;<;«sW cartilage, and. a sheath 100 (Fig. 5) is 
introduced into the pericardia) space PS. The pericardial apace PS is then irrigated with 

30 saline, preferably with a salvne-lidooaifie solution to provide additional anesthesia and 
reduce fine risk of irritating the heart. The closure device 1 0 is then intr oduced through 
the sheath 100 into the pericardial space and advanced over the epicaidium to the 
atrioventricular groove AV<2 (as shown in Fig. 6A and fig, 6'B). The grasping tool 30 is 
than advanced distal fy from the tool 10 m that it can grasp the tree end of the left atrial 
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appendage LAA, as shown in Fig. 6€. A slight tension, can by applied on the left atrial 
appendage LAA as the capture loop 32 is advanced over the grasper 30 (rig- 6D), and on 
to the left atrial appendage- LAA, as s&ewtt in Fig. 6H. The loop. may then he cinched, as 
shown m Fig. 6P, and the tool 10 withdrawn leaving the closure loop in place, as shown 
5 in Fig. 60, The interior of ihc left atrial appendage LAA is tlmh isolated from the interior 
of the left atrium so thai thrombus andother emboli cannot he released jjxto blood 
circulation. 

Optionally, a priori of tiie parietal perictudhun may he hitther separated 
from the epicajailal surface and the left atrial appendage prior to closing Ore appendage; 

1 0 Increasing :thft' distance between the parietal and visceral perieardimn, i.e., ihe pericardial 
space* creates a working and viewing space to facilitates subscqtKait mimipulaiton and 
closure of the atrial appendage. As shown m Figs. 6H~6J > 3 modified closure device MD 
h#ihg an additsongl lamen lOlis inuodecedso lhat its* distal end 104 enters the 
atriovcntricidar groove AVG, as described previously . A bailooa. expander- 1 10 pis^ th^ri 

15 be introduced through the lumen 102, and the balloon expanded to raise the perieMihm, 
as: shoivu hi Fig . 6L The grasper 30 (or other d osure instrument) may then he introduced: 
ihsough other lumens, as previously described. The working space created by the balloon 
greatly simplifies manipulation arid positioning of the graspers 30 so that fee^pM;!^ tssid 
to capture ihe atrial appendage, and close it as described previously. Furiher separating: 

M ;• the parietal and viscetal-pcricardia ip. create the working space is a particular advantage 
when a viewing, scope is introduced to the working area to facilitate manhralarl on Of the 
graspcf 30 and any other tools whidimaybewaM 

Referring now to Figs.-'o^^iN, the closure tool 10 is illustrated la a 
method for mtreducrag a clip 200 in aceoRhmce .with the principles of the present 

25 iftVcntioh. The closure tool 10 is introduced to the left atrial appendage X-AA m described 
hi above in cormetiibn with Figs. 6Aand(SB, Once in place, the oiip 200 may be 
inhodneed tkxmgh any of ihe available lurncns id the device, iy-pical ly using a 
pusher 202. The- chp 200 will be ebnSgured sb: that it opens as it ehicrges horn the 
closure tool 10 and can beadvaased over fee free distal end of the left: atrial 

30 appendage LAA, as shown hi Fig, £L. The cap 200 jaaay tb en be dosed over ihc 

appendage, -as showli m Fig, Taeclip 200 may be self-eloskig or may require a 
mechanical or heat-actuated closnreniechanism. Once jpplaefej as -shown fa Fig. CdsVthe 
closnre too! 10 can he removed,: Irecjuentjy^ it will he desirable to hxrodftev multiple: 
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dips 200, as sktrwn in Fig. o'Cr, ■■■■Mim&£foty i & larger clip 208 em- he introduced 
p$mmt$t$# over the left atrial SipjjeMage as s&jwii in Fig. 6P. 

Ec&mng now to Figs, 7A>.7<2> sn-es&smpiary dip ;"30!> ftjf use in the 
methods of the present hwenrjoti mil bo described, lite clip 300 has a generally H- 
S shapes! profile, as fcest seea in Fig. 7A, optbrmlly having a serpentine or zig-zag pro fife 
on &i least case of the legs of die clip. As iilugh"ated J ;a series of peaks arid Valleys 302 is 
provided on m "upper" leg of the clip, fhificlij^ 300 farther includes a hinge region 304 
which haa a narrowed vvidth to tktfiUatBlniroctectian through a hnradoo^eathetev 400, m 
shmm in Fig, 8, Introducer catheter 400 has a jhshaped Jumen 402 which receives the 

10 clip 300 m that the upper teg and lower leg of the clip are held in an open mnB gurari on 
in npper and lower tracks of due lume», a* described below rn connection with Figs, ,9A< 
9C. Opjioa&iiy, the catheter 400 may include a radiopaque .aaarkaac 404 to permit, 
orientation isoder fluoroscopic imaging (so the position -caa confum that tlve clip is ?p the : 
propel vertical orientation when being placed). A pusher 408 is provided hitving*:l-> 

15 Shaped distal end 410 which *$ recced in die I-shaped lumen 402 in order to M^apee 
and eject the clip from the catheter. 

Referring now to Pigs. SA-9C, the clip 300 is held in the lumen 402 of 
catheter 400 with the legs of the clip held open. A pusher 408 can he advanced so that 
end 410 engages the hinge region 304 of did clip, allowing it to be advanced out of the 

20 distal end of the catheter, as shown in Fig. 9B As the clip 300 emerges, it remains in an 
open configuration so that it can be advanced over a free distal end of the left atrial 
appendage IAA., as shown in Fig. 9B. Once the clip 300 is fully advanced and released 
from the catheter 400, as shown tit Fig. 9C, the dip mil close over the hit atrial 
appendage LAA to hold die appendage closed in accordance with the principles of the 

25 present invention. 

Re&rring now to Pig, I0 f kits according to the present invention compn&e 
a closure toot, such as closure tool 1 0 described above. Optionally > the kits may eompme 
an access sheath 120 and will include' instruction* for nseiFU setting forth tiny of thy 
methods described above. Usually, all components of the kit wilt he packaged together in 

30 an endostire 140. such as a pouch, hay, box. tube, or other conventional surgical package 
capable of maintaining; the component in a sterile condition, li will be appreciated that 
any kit eOtttainiug htetructiorj:> for use setting forth the methods of the present invention 
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will b&f-M of the present iijveaaoa, Aether or siot the kits m&tade a dos«fft device 
which is similar to Fig, 1 0 is not am^siity. 

White the aijovfi:is a complete description of the pratea-al smGodiHieiiis of 
ths iftvoatioiij various aitero^vMj modileaion^ and equivalents may lie used, 
5 Therefore, the above d«scriptiaa should not be ittken as tiimtmg the scope of {he 
invention which is ddfMcd by ihc appended claims. 



W1M1S CLAIMED IS; 

1 I . A cnettiod fox dosing a left atrial app ee.dage of a pat ieot's heart, 

% . said xssetitod camprisiagi 

3 .pegiiiufiiog ^los^--fe^e^ $ ^«ip;a pcmitmo&us passage beneath 

4 tks rib cage, over m epicardkl surfaces, aB^ adjacent to. the left atrial appendage* and 

5 closing the faft atrial appehdaie using the closure mstnniKnh 

1 % A tnethed WM claim:!, wherein posiHoomg comprises making an 
2- incision between a oostal eattifage and a xiphoid of the patient and placing m aye-ess 

3 sheath through the incision into a. pericardial -space, 

;3 3. A method 3s hi claim .2, wherein positioning iortheneoffiprises 

2 advancirtg a distal ©ad of the closure .insiryj»ertt -through the sheath, into the pericardial' 

3 space, and over an «plcardiai surface to tat atrioventricular groove of the heart 

1 4. A method aa : ;m ,6MKi;|^-wiierek closing comprises looping, 

"i suturing, stapling, clipping., .riveling f damping, or filing the left atrial appftndage at a 

; l 5. A saethod as in claim 4, wherein dosing fiuiher coi%Ti3;es 

2 grasping the left atrial appendage prior to dosing the neck region thereof 

1 6, A method as m claim J , wherein the method is performed while lite 
% patient's heart: is beatin g. 

: 1 'I, A method as in el aim 6 t wherein fee method i s performed wh i k 

2 both lungs of tlie patient rumain fnilsied; 

l % A nisthod as in cjaim 7, wherein the method h performed while the 

.2 patient is under a local anesthetic. 

1 9. ife improved m hear!, 

2 said » ethod bd ng of tho type wherein a closure element I s placed over an exterio r o f the 

3 appendage while the paheat^s chest mm^m chmA wherein €tss. impMvenieiit comprises 

4 advancing me^ closure dement feam boRe&th the rib cage over an ep? cardial surface to the 
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5 exterior of the left atrial E5jpao^p-|Sfei : 'to|(ilacing the closure element over the left atrt al 

6 appendage. 

1 10; A device lp : ^ostsg^ altM app engage 61 a heart said device 

2 comprising; 

3 a shaft having aproximd eaid aad a disul end, whereip &s distal end is 

4 adapted to pcrcntaReously enter a pedcaMi&l space, ad vance over ait ep ieaid%T stiff ace, 

5 and approach the exterior of the left atrial appendage: aiid 

<5 nxetcis earned by the shaft for .closing the left atria.} appe ndage whon. the 

7 distal end of the shaft i & positioned ad) acent to- Ac Left atrial appendage. 

J 11. A device as : iaekiia 10> v&ereiti Ste shaft a length m the mm®. 

2 from 10 «n to 40 mi> a width in the range frag* 2 mm to 20 mm, and a thiefoiess iti the 

3 range fkmi 1 mm fa 1 0 mm, 

I 12. A device ashielaim 10, wherein the shaft is curved u^Its lengih. 

i 13. : Adevice mm claim 12, wherein the curvature est the shaft ia 

1 .a4Jp&5ahlte, 

1 1 4; . A device m in claim 1 2, : wherei a. the device has a ej^eehtNh aped 

2 sjtt5s*sectson,. 

1 15, A device as in claim 10, wherein the distal end is cooftgured te lie 
wiihiti M stria vcatrteular valve groove of the heart 

1 16. Adovice as hi claim 15, wherein the shaft has at least one lumen 

2 which extends from the proximal end to exit ports spaced inwardly -&om thy tSstai end by 

3 a distance in the range from 0.5 cm to 5 cm. 

1 17; A device as in cl&hn lS, : wheiebth(s dosixig. means extends 

2 through the .at: least one lumen. 

1 18. A device as lit claim 0, wherein the closing memiasompmes a 

2 gi'sspisg t ool which; p«h?nd$ ihtOTigh ose of the lttt«epi said graspmg tool heme adapted 

3 to temporarily grasp the iejt alcf al appendage: 
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1 19. A device as m clasiu Il 3 vAerein the closing means further 

2 comprises a closing tool adapted to pe^^ left atrial appendage white it is 

3 being temporarily closed w its tfte i^spfJg tool 

1 20. A device as iis clslm 12, whereia the shaft lias at least a second 

2 lumen. 

1 21. A device as hi claim 2G ? further compriSffig a viewing Scope 

2 posiiTOnabk thuoagh $M second hsmm k the shaft, 

1 22. A device as m claim IQ^'forite comprising a ..handle- attached to die 

2 ptwxhnal tfitti of the shaft 

1 23, A device as in claim 21, wherein the shaft has. at .least a third lumen 

2 for irrigating the pericardial space, 

1 :24i A device mm ctesm 10, ■ further <auxpistRg to expaiider for 

2 5&para5itlg the pericardium in. the region of the left atrial appendage. 

% A device as in claim 24, ^herein the exp^cr ,eom^fS#:#i 

2 hiSatabfc balloon. 

1 26, A kit comprising; 

2 a closure device; and 

3 instructions for use setting forth a method a? in claim- L 

1 27. A method as in claim J , forther comprising separating the parietal 

2 pericardium from the visceral pericardium near left, atrial appendage prior to closing the 

3 left ^ atrial appendage to create a space over the atrisS appendage. 

1 '28- A method i»:itt^^ : :i%&*^:-«em^ising viewing Cm atrial 

2 appeiidjtge tlxrPagh fee spaee. 



14 



1/13 




BUBSTETUTE SHEET {RULE Mj 



2/13 




substitute sheet (rule ss) 



Mm 




SUBSTrrUTE SHEET (RULE 2S) 




SySSTlTUTE SM£ET (RULE SS) 



vcnumnrm 



5/13 




FIGIS 



SyBSTtTUTB SHEET (RULE 26) 



mm 





SUSSTiTUTS SHEET fFSi/LE 26) 



wu mmm 



Tt 13 




SUBSTITUTE $ MEET J RULE 2 8} 



va&mnim 



8/ 13 






SUBSTITUTE SHEET (RULE 



9/13 





SUBSTiTUTE SHEET (RULE 26} 



WG. 'to/17889 




mmmmtm sheet (rule 2s> 



11/13 




SUBSTITUTE SHEET f RULE 2S) 



. wo. 02.'nnw 



12/ 13 



304 




FIG. 9A 



/ / / / / / 



J"? y~~~y! J ~p -J y -ym ni n y y, 

PIS. 9B 





SUBStSTUTE SHEET {RULE 2$ 



"w© mum. 



mm 




r 

140 



FIB, 10 



SOBSlTryTE SHEET fRULE 26) 



SEARCH REPORT. 



tftte«»dMt apj&catioa. No .:. | 



A CXA.VSIKJCATION OF SUBJECT MATTER 

US 01, :i2J5f«>« 

A«*><tSn& to hiterraUt'tul P«tc» Ctoifwatiua <Tt"C> or to boah, nattaaai cteiffosjioa «tg* JK? 



vs. sibi-os searched 



Mini^tim d<x.mautfattoJ5. smsto («Eassifi«ttk>B. systejo followed by ciajr 

U.S. f .iWm 




Co«inijjiftatk'& scsMcted Utiisr tftass ttttaimsm 4s>3U3lsa3tft!&t<} ttL»«J5SJlt & 




Bl-soiroatiB data tas* .eaasaHeA cteiag ih« LcjcfnatwnaS jsirch {osrse of 'to 


& base sad, v&src practical, terais used) 





A 



Citation lit' tiocuHkStt, wi*> J*&tfiitt», sebsce appropriate, of tH jr.kv&tit £ss9sg« 



OS 5,961,440 A CSCHWErCH, JR. et al.) 05 October 199?, entire 
document. 



L-2S 



j | Fv.rtb.eT <?«:iimc»6 sots listed ia &e se»iin»iW of Box C 



Soe paten! teaily SBfltX, 



jomcw* <Scflni«s t)» gwK«) *<*»» oi ii>» ort'wJKefi* »;<t »>aw&u«d 

v> 3fi ^fil^^W C<)(rtanrC* 

UMljM >j<tv»«»*w (nriitiibnl or. "> "fltr >5io inlonw<J>:*<li 1>Srt5 
^;t*ct ft; »sr.*SiJi*h tK* puift*MX}flort date of afloihtr «K>fV' xi other 



.V 



<ora.1iiit«it at* « aw >«* cBwOwew. 



l>:ttv of tfc* actual oon^ftetk»» of ttie iwcnatiaoaS s&iz<&. 
2*J SB} J Tli&4»BR«Wa 



ie'i aiai{}R^*fJfifMS si !i fi tS A/ OS 

v«i.«t^j». f><:. 'i<a.5t 
PAcsitaik Nv. (7f!?> 3O5-&30 




"1 



F<ito t-r/tVISA«3f> (secowi Hbuct) {July 199*) * 



